Aims/hypothesis In the past few years, several genes outside the MHC region have been described as new susceptibility genetic factors to type 1 diabetes. An association between CAPSL-rs1445898 and type 1 diabetes was reported in a large white population and corroborated in a genome-wide analysis, which also found an association with IL7R, which is located adjacent to CAPSL. The aim of this study was to replicate the aforementioned associations in independent cohorts. Methods We analysed two CAPSL (rs1010601 and rs1445898) and three IL7R (rs6897932, rs987106 and rs3194051) polymorphisms. All these single nucleotide polymorphisms (SNPs) were genotyped using TaqMan minor groove binder chemistry in 301 unrelated Spanish type 1 diabetes patients and 646 healthy controls. Additionally, the associated CAPSL SNP rs1445898 was Conclusions/interpretation In summary, we describe an independent replication of the association between the CAPSL-IL7R locus and type 1 diabetes, especially for early-onset type 1 diabetes patients.
Introduction
Type 1 diabetes is a complex disease resulting from the interaction between genetic and environmental factors that cause selective destruction of pancreatic beta cells. Despite a proven genetic component, the actual susceptibility genes are largely unknown. The genetic predisposition to type 1 diabetes is strongly associated with the MHC region; however, some loci outside the MHC have been considered to confer disease risk. Some of these have been validated, together with MHC class II alleles [1, 2] , as susceptibility factors, namely the insulin gene [3, 4] , the CTLA4 locus [5, 6] and the PTPN22 gene [7] .
Smyth et al. [8] found an association between two new single nucleotide polymorphisms (SNPs) and type 1 diabetes in a genome-wide scan study of non-synonymous SNPs. The first new SNP was rs1445898 from the CAPSL gene (calcyphosine-like; also known as Q8WWF8) on chromosome 5p13; the second was rs19907060 from the interferon induced with helicase C domain 1 (IFIH1) gene on chromosome 2q24.3. In that study, the authors reported that, leaving aside the MHC, the SNP most strongly associated with type 1 diabetes was located in the PTPN22 gene as described for the first time by Bottini et al. [7] and consistently replicated as a type 1 diabetes susceptibility locus in independent white populations. The second most strongly associated SNP was rs1445898 (Q75R) from CAPSL. In a later study of this group [9] , the authors obtained evidence of disease association for three SNPs in the 5p13 region: the aforementioned SNP from CAPSL and two new SNPs located in IL7R (also known as IL7Ralpha or CD127). These results are an extension of other genomewide analyses of 14,000 cases of seven common diseases that originally did not report an association between the 5p13 region and diabetes [10] . Moreover, in a recent genome-wide association study in multiple sclerosis, an IL7R polymorphism was identified to have a modest effect on the multiple sclerosis risk [11] .
The function of calcyphosine-like (CAPSL) is still unknown, although it contains two calcium-binding motifs (EF-hands). These conserved domains are found in a superfamily of calcium sensors and calcium signal modulators. Furthermore, the CAPSL gene is in the same linkage disequilibrium (LD) block as the IL7R gene. The IL-7 receptor (IL7R) is a heterodimer consisting of a specific alpha chain (encoded by IL7R) and a common gamma chain (encoded by IL2RG, also known as CD132 and located in Xq13.1) that is shared by the receptors of several cytokines: IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21. Whereas the gamma chain is produced by most haemopoietic cells, IL7R is almost exclusively produced by lymphoid lineage cells and is required for development and maintenance of the immune system [12] . In fact, mutations in IL7R gene in human patients cause a severe combined immunodeficiency [13] in which the major deficiencies are in T cell development, whereas B and NK cells are relatively normal in numbers [14] . The expression of IL7R is required by T cell progenitors, naive T cells and memory T cells. Its lack of expression correlates with altered immunity, making this gene a good candidate in association studies on autoimmune diseases.
The aim of the present study was to replicate the association between CAPSL and IL7R polymorphisms and type 1 diabetes in the Spanish population and to further replicate our findings in the Dutch population. Additionally, we sought to find out whether the putative CAPSL-IL7R effect occurs in paediatric cohorts only, as previously described [9] , or whether it also extends to adult type 1 diabetes patients. We analysed the aforementioned SNP from CAPSL, which is located in the third exon (rs1445898), and another one (rs1010601) in the fourth intron. In the IL7R gene, we selected three SNPs located in exon 6 (rs6897932, T244I), intron 6 (rs987106) and exon 8 (rs3194051, I356V).
Methods
Patients and controls We studied 301 white unrelated Spanish type 1 diabetes patients (150 women, 151 men) diagnosed according to the criteria of the American Diabetes Association (ADA) and 646 healthy controls, who were recruited from among blood donors in the Madrid area (therefore with an age ranging from 18 to 60 years).
The age at onset for the consecutively recruited type 1 diabetes patients ranged from 1 to 55 years old (mean: 17.3±10.0 years; median age at onset 15 years). All patients were insulin-dependent at the time of the study. Informed consent was obtained from all participants included in the study, which was approved by the Ethics Committee of the Hospital Clínico San Carlos.
As cut-off age for stratified analysis, we decided to choose patients younger than 16 years, because 15 years is our median and in non-normalised variables that is the best statistical parameter to subdivide a cohort in order to maximise the statistical power.
In order to increase the statistical power, we included an additional Dutch cohort of 429 type 1 diabetes patients (median age at diagnosis 8.7 years, range 1-16 years) and 720 healthy unrelated controls. The diagnosis was made according to International Society of Paediatric and Adolescent Diabetes (ISPAD) criteria. All patients gave their informed consent and the Medical Ethics Committee of Leiden University Medical Centre approved this study.
Genotyping Patients and controls were genotyped for the CAPSL SNPs rs1445898 and rs1010601 and for IL7R SNPs rs6891932, rs987106 and rs3194051. Genotyping was done using TaqMan assays in a 7900HT fast real-time PCR System (Applied Biosystems, Foster City, CA, USA). All assays (identification numbers: C__8811801_1, C___2025977_10, C__8811858_10, C___8811808_10 and C__25616805_10, respectively) were performed as recommended by the manufacturer. Call rate success was over 97%; genotyping was repeated in 10% of the samples and the results were consistent.
Statistical analysis Differences in allele and genotype frequencies were calculated by χ 2 or Fisher's exact test when necessary. Associations were estimated by the OR with 95% CI. Statistical analysis used Epi Info v. 6.02 (CDC, Atlanta, GA, USA). No statistically significant deviations from Hardy-Weinberg equilibrium were observed for genotypes of these polymorphisms in our sample.
Maximum-likelihood haplotype frequencies were estimated by applying the expectation maximisation (EM) and partition ligation (PL) algorithms, both implemented by Haploview 4.0 software [15] . Linkage disequilibrium was calculated using the algorithm from Gabriel et al. implemented in Haploview 4.0 software [16] .
The Mann-Whitney Test was performed by SPSS 13.0 software (SPSS, Chicago, IL, USA).
The Mantel-Haenszel method was performed by EpiDat 3.1 software (http://dxsp.sergas.es)
Results
The analysis in our overall Spanish cohort showed a trend towards a protective effect only for the homozygous mutant genotype of the CAPSL SNP rs1445898 (Table 1) . To increase the statistical power, we included the analysis, in a Dutch cohort, of this polymorphism, which is the most strongly associated SNP in the Todd et al. study [9] . In agreement with the results obtained in our Spanish cohort, a trend towards a protective effect was also found here ( Table 2 ). Meta-analysis was conducted using the MantelHaenszel method and yielded a significant association: OR (95% CI) 0.71 (0.56-0.90); p=0.005. No significant differences were found in genotypes of any of the five markers in the groups when stratified by sex (data not shown). The classical stratification by HLA-DRB1 susceptibility alleles (antigen specificity DR3 and DR4) evidenced no significant differences in genotype frequencies of any of the five SNPs between carriers and non-carriers of MHC class II susceptibility alleles (data not shown).
However, in the case of age at disease onset in our Spanish cohort, the protective effect of the minor allele and the homozygous mutant genotype of the CAPSL SNP rs1445898 was statistically significant in young-onset patients compared with the group older than 15 years at onset (Table 3) . Interestingly, a similar protective effect was seen in young patients carrying either the T allele or TT genotype in the IL7R SNP rs6897932 marker ( Finally, high LD in the control cohort was found in the IL7R-CAPSL region, but the five markers tested were not genetically equivalent (Fig. 1) . The study of inferred haplotypes conformed by the five polymorphisms showed no differences between non-stratified cases and controls. After stratification by age at disease onset, haplotypes did not add information to that provided by the isolated polymorphisms (data not shown).
Discussion
Whole-genome association screenings in type 1 diabetes have confirmed the importance of the HLA region and uncovered non-HLA loci that may harbour susceptibility genes. We have studied one of these new regions on chromosome 5p13 [8, 9] . The same SNP from CAPSL (rs1445898) that was already described showed a trend towards association in our Spanish and Dutch cohorts, supporting the role of this locus in type 1 diabetes risk (Tables 1 and 2 ). The effect is only evident in the homozygous mutant genotype, probably due either to compromised power of our study or to the weak protective effect in the general population. When the cohorts were pooled, the p value was statistically significant (MantelHaenszel: p=0.005).
After stratification for age at onset, the protective effect concentrated in the young group was not only statistically significant for the allelic frequencies or for the homozygous mutant genotype (Table 3) , but also for the carriers of the T allele (OR 0.56 [0.32-0.99]; p=0.03). The previously reported association was found in paediatric patients (all under 17 years at diagnosis) [9] ; for this reason we decided to repeat the analysis in our Spanish paediatric cohort using the median as the cut-off age (Table 3) . Nevertheless, when we subdivided patients in the same way as Todd et al.
(younger than 17 years), we still found significant differences between both groups of patients (TT genotype of CAPSL SNP rs1445898 in type 1 diabetes <17 years vs type 1 diabetes >16 years: 13/49 young-onset patients vs 23/31 patients older than 16 years at onset, OR 0.36 [0.15-0.87]; p = 0.01). These findings suggest that type 1 diabetes patients with an early age of onset have a different disease mechanism than patients with adult-onset type 1 diabetes. Further study is needed to validate this effect and to elucidate the exact nature of this putative difference.
As shown in Table 3 , the frequency of genotype TT of IL7R SNP rs6897932 was significantly reduced in the young patients. This protective effect in the same group of patients provides additional confirmation of the importance of that LD block, where both genes map.
Two recent genome-wide association studies have reported that several non-MHC regions are associated with type 1 diabetes. In the first genome-wide association scan [10] , carried out by the Wellcome Trust Case Control Consortium (WTCCC), some evidence was obtained for the association of this region using 2000 British patients. The WTCCC study did not include the most strongly associated SNP (CAPSL rs1445898), while the other associated SNP Todd et al. [9] in a follow-up genome-wide analysis also obtained evidence of disease association for rs1445898 in CAPSL and rs6897932 in IL7R. They suggested that either geographical variability in SNP frequencies or population structure could increase the false-positive rate in casecontrol association studies. However, our data seem to indicate that those could be validated associations, because our replications in two independent populations mirror those previously found. We consider that the CAPSL-IL7R locus is a protective region, but we cannot elucidate whether the protective gene is CAPSL, IL7R or both. The functional effect of these polymorphisms must be established. Although the function of CAPSL is not yet known, IL7R is a specific IL-7 receptor and this cytokine is essential for thymic maturation and for the homeostatic proliferation of lymphocytes [17] . Consequently, altered activity of IL-7 could influence the survival and the diversity of the T cell repertory, including the development of autoimmune T cells. NOD mice model studies have demonstrated that dendritic cells with inhibited expression of CD40, CD80 and CD86 confer a delay in diabetes incidence [18] . This process is carried out in part through the enhancement of CD4 + CD25 + T regulatory cells. Both in vivo and in vitro experiments have demonstrated that IL7R is expressed at significantly higher levels on T regulatory cells than on CD4 + CD25 − cells [19] .
Although these observations could explain the protective effect of the IL-7 and IL7R pathway, additional functional studies will be necessary to understand the underlying immunoregulatory mechanism.
In conclusion, we confirmed the previously reported association between the CAPSL-IL7R locus and type 1 diabetes. Moreover, we have also described for the first time that this locus confers a protective effect specifically in type 1 diabetes patients with an early age at disease onset. This study warrants replication.
